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(57)Abstraet: 

PURPOSE: To form a resistor with small temperature 
dependency and with high power remarkably easily in an 
integrated circuit by connecting a different kind element 
having opposite temperature dep-ency each other in 
series or in parallel 

CONSTITUTION: The resistor 10 is constituted by 
connecting a semiconductor layer resistor R1 1 
consisting of polysilieon resistor to The collector of a 
bipolar NPN transistor Q1 1 whose base is connected to 
constant current source 11 and constant current-driven 
Thus, the temperature dependency of a potential 
difference AV generating between both ends of the 
semiconductor layer resistor R1 1 is set to roughly 0 or 
an optional value. 
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* NOTICES * 

JPG and iNPil are not responsible for any 
danssges caused by the use of this translation, 

1 -This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not he translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Ciaim(s)] 

[Claim tj The resistor characterized fay coming to carry out series connection of the active 
element by which diode connection was made, and the passive element which has reverse 
f m ) . f <.i-em<-f„.! < im v am < ^ , ^ 3 i r v'i , 

element 

[Claim 2] The resistor characterized by coming to carry out series connection of the semi- 
conductor layer resistance which consists of a bipolar transistor which has a positive 
temperature coefficient, and a semi-conductor layer which 's form 
on a semi-conductor substrate, and has a negative temperature coefficient while diode 
connection is made. 

[Claim 3] The resistor characterized by carrying out series connection of the MOS transistor 
which has s negative temperature coefficient, and the diffused resistor which consists Of a 
diffusion layer alternatively formed in the surface section of a semi-conductor substrate, and 
has a positive temperature coefficient while diode connection Is made. 

[Claim 4j The resistor characterized by coming to carry out series connection of the 1st active 
element, the 2nd active element which becomes with the 1st active element of the above, and 
different-species structure while having reverse temperature dependence to the temperature 
dependence of the 1 st active element of the above, and the passive element 
[Claim 5] The resistor characterized fay coming to carry cut series connection of the bipolar 
transistor which has a positive temperature coefficient, the MOS transistor which has a negative 
temperature coefficient while diode connection is made, and the passive element which has a 
predetermined temperature coefficient 

[Claim 6j The resistor characterized by coming to carry out parallel connection of the active 
element by which diode connection was made, and the passive element which has reverse 
temperature dependence to the tempe at a dependence of the ab - o active 
element 

[Claim 7] The resistor characterized by coming to carry out parallel connection of the semi- 
conductor layer resistance which serves as an MOS transistor which has a negative temperature 
coefficient from the semi-conductor layer which is formed through an insulating layer on a semi- 
conductor substrate, and has a negative temperature coefficient while diode connection is made. 
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1 -This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 

3. !n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Table of Contents] This Invention Is explained in order of the following. 

The technique of the Field of the Invention former ( drawing 9 - drawing 1 1 } 

Technical-problem The means for solving a technical problem which invention tends to solve 

( drawing 1 - drawing 8 ) 

O p e rai e x a j ! zing 1 a wing. E 

(1) 1 e ' ' xampN drawing ) 

(2j The 2nd example ( drawing 2 ) 

(3) The 3rd example ( drawing 3 ) 

(4) Other examples ( drawing 4 - drawing 8 ) 
Effect of the invention .OhwT 

[Industrial Application] About a resistor, especially this Invention is formed in an integrated 
circuit, Is applied to the semi-conductor resistance as which high power resistance is required, 
and is suitable, 
[0003] 

[Description of the Prior Art] Conventionally, many of electronic circuitries built In in LSI need a 
resistor, and this resistor is made as [ constitute / by a diffused resistor or semi-conductor 
layer resistance / generally / therefore ]. A diffused resistor consists of a diffusion layer 
alternatively formed In the surface section of a semi-conductor substrate here, and it is made as 
[ consist / of semi-conductor layers, such as polish recon formed through the Insulating layer on 
the semi-conductor substrate, / semi-conductor layer resistance ]. 

. 1 • * As such a resistor has the compound resistance which comes to combine a diffused 
resistor R1 and the semi-conductor layer resistance R2, fo? -:xa> .He t s show > * , 
Is made as [ form / by carrying out series connection of the diffused resistor which has a 
positive temperature coefficient so that the temperature characteristic maybe negated as a 
whole, and the semi-conductor layer resistance which has a negative temperature coefficient ]. 
Moreover, as shovm in drawing U") and dr?wh» w . it is formed by connecting to a serial the rs 
chanm I 1- N VP and P cha 

transistor PTM2 as an active element from which the temperature characteristic becomes 
reverse mutually, 
[0005] 

s e i to be Solved by the invention] by the way, the case where the high resistance more 
a? m is resist o ids, for exan e case of 

SRAM (Static Random Access Memory), and they are other Integrated circuits — several — the 
high resistance mors than 100K [omega] may be required Moreover, in order to need that 
temperature dependence is small as much as possible in the case of the resistor formed in LSI 
and to Improve productivity, reduction of a routing counter and dispersion of a property become 
very Important [a small thing], 

[0008] However, for a diffused resistor R1 and the semi-conductor layer resistance R2, the 
problem 4 v g n i j e-^ be ctlvely forward 

temperature dependence and a forward negative temperature dependency is ******, Moreover, 
the problem that control becomes [ dispersion in the part property ] a routing counter Increasing 
since it consists of two sorts of resistors, and being easy to he generated although temperature 
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dependence can be made small sines the diffused ressstor R* =r s d the oo is i 
from which temperature dependence becomes reverse mutually ponstltyte compound resistance 
in constituting a compound resistor ( drawing. .9 ) combining a diffused resistor R1 and the semi- 
conductor layer resistance R2 difficult is The problem that circuit area furthermore 
becomes large is also ******„ 

[0007] The problem that control is difficult since a transistor right hand side consists of polish 
recons in the cas of the compo ' to d t g i 3 wing 10 } whio irthermo 

comes to combine n channel thin film MOS transistor NTMt and P channel thin film MOS 
transistor NTM2 is ******. 

[0008] This invention tends to propose the resistor which was made in consideration of the 
above point was excellent in the temperature dependence property, and was excellent in 
accumulation nature. 
[0009] 

[Means for Solving the Problem] In order to solve this technical problem, it Is made to carry out 
series connection of the active element Q11 by which diode connection was made in the 1st 
invention, and the passive element R1 which has reverse temperature dependence to the 
temperature dependence of an active element. 

[0010] Moreover, in the 2nd invention, while diode connection is made, it is formed through an 
insulating layer on the bipolar transistor Q1 1 which has a positive temperature coefficient, and a 
semi-conductor substrate, and is made to carry out series connection of the semi-conductor 
layer resistance R l which consists of a semi-conductor layer which has a negative temperature 
coefficient. 

[0011] Furthermore, while diode connection Is made in the 3rd invention, it consists of MOS 
transistor NM1 which has a negative temperature coefficient, and a diffusion layer alternatively 
formed in the surface section of a semi-conductor substrate, and is made to carry out series 
connection of the diffused resistor R51 which has a positive temperature coefficient, 
[0012] Furthermore, while having reverse temperature dependence in the 4th invention to the 
temperature dependence of the 1st active element Q21 and the 1st active element Q21, it is 
made to carry out series connection of the 1st active element Q21, the 2nd active element NM1 
and NM2 which becomes with different-species structure, and the passive element R21, 
[0013] Furthermore, it is made to carry out series connection of the bipolar transistor Q21 which 
has a positive temperature coefficient in the 5th invention, MOS transistors UMl and NM2 which 
- e a nc v np € e d c otiot tade, and the pa element 

R21 which has a predetermined temperature coefficient. 

[0014] Furthermore, it is made to. carry out parallel connection of the active element NM1 by 
which diode connection was made in the 8th invention, and the passive element RSI which has 
reverse temperature dependence to the temperature dependence of an active element NM1, 
[0015] Furthermore, while diode connection is made in the 7th invention, it Is formed through an 
insulating layer with MOS transistor Nihil which has a negative temperature coefficient on a 
semi-conductor substrate, and is made to carry out parallel connection of the semi-conductor 
layer resistance R31 which consists of a semi-conductor layer which has a negative temperature 
coefficient. 
[0016] 

[Function] In the 1st - the 3rd invention, temperature dependence can form easily much more 
the resistor which can set resistance as a desired value small in an integrated circuit by carrying 
ss cc ct coPibinrng the active elements Oil and NM1 and passive elements R1 and 
R51 which have reverse temperature dependence, and negating both temperature dependence. 
[0017] Moreover, in the 4th and 5th invention, temperature dependence can form easily much 
more the resistor which can set resistance as a desired value small In an integrated circuit by 
carrying out series connection combining the 1st and 2nd active elements Q21 of a different 
kind, and NM t R21 which have the re, erature 

stic ua rig I sm p era tore d 

[00181 Furthermore, temperature dependence can form easily much more the resistor which can 
set resistance as a desired value small in an integrated circuit by carrying out parallel connection 
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of the active element N.M I and passive element R31 which have the reverse temperature 
characteristic mutually in the 6th and 7th Invention, and negating both temperature dependence. 
[0019] 

[Example] About a drawing, one example of this invention is explained in full detail below. 
[0020] (1) In the 1st example drawing 1 , 10 shows a resistor among the electronic circuitries 
formed in the integrated circuit, and combination constitutes the passive element and the active 
element. That is, the resistor 10 Is made as [ constitute / by connecting a constant current 
source 11 to the base, and connecting the semi-conductor layer resistance R11 which becomes 
by polish recon resistance to the collector of bipolar NPN transistor Q11 by which a constant 
current drive Is earned out ]. It Is made as [ set / as about 0 or any value / ft / the temperature 
dependence of potential difference delta V which this produces to the both ends of the semi- 
conductor layer resistance R1 1 concerned ], 

[0021] If input-side potential of the semi-conductor layer resistance Rl \ is set to VI and it Is 
the connection middle point potential V2 of the semi-conductor layer resistance Rtl and a 
transistor Q11, potential difference deftaV C-V3-V2) produced to the both ends of the semi- 
conductor layer resistance Rl 1 is the resistance RP of the semi-conductor layer resistance 
R10. And the current value IP As a .product, it Is a degree type [several 11 
A V = R t- * I P ( i ) 

** ~~ it is given like. 

[0022] In order to search for the temperature dependence of the potential difference here, when 
(1) type Is differentiated, it is a degree tvpe [several 2l 

— ( A J ] - d (Rp * 1 * J 

a t d t 

d R r d I P 
j p + R ? . ( 2 } 

d T d T 

It becomes. The differential coefficient dRP of the semi-conductor layer resistance R11 given by 
the (2) type 1st term at this time / dT is the current IP which flows to the semi-conductor layer 
resistance R10 which can consider as negative and is given by the (2) type 2nd term by the 
tempest t > ^ ' .■>. < oi the collector current of a bipolar NPN transistor. Temperature 
dependence dIP / dT can be made forward. 

[0023] Thereby. It is the resistance RP of the semi-conductor layer resistance R11. And the 
current value IP If it is set as a predetermined value, (2) type right-hand side can be set to 0, 
and potential difference delta V produced to the both ends of the semi-conductor layer 
resistance Rl 1 can be set as about 0 or any value. 

[0024] The semi-conductor layer resistance Rl 1 which is a passive element according to the 
above configuration, and bipolar NPN transistor Q1 1 which is an active voxel child are 
connected, and it Is the resistance RP of the semi-conductor layer resistance R11. And 

<■ IP Sy c ( aturs dependsnc put voltage can be cde 

small, without making a routing counter Increase. Moreover, the middle value of both the 
configuration component is made with a temperature coefficient ss a temperature coefficient, 
and the temperature coefficient of the output potential produced in resistance can be set as any 
value wit I ts of the te ^ tt of tance and a translstc-f 

[0025] (2) In the 2nd example drawing 2 , 20 shows the compound resistor of the electronic 
circuitry formed in the Integrated circuit, and is constituted by the combination of a passive 
element and an active element of a different kind. That is, the compound resistor 20 is 
constituted by connecting the resistance R21 which becomes the collector of bipolar NPN 
transistor Q21 by which a constant current source 11 is connected to the base, and a constant 
current drive is carried out by polish recon res I si snce thn ;gh the N- channel metal oxide 
semiconductor transistors NM1 and NM2 by which diode connection was made, respectively two 
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steps, 

[0026] The collector of bipolar NPN transistor G21 Is connected to the source 23 of the N- 
channei metal oxide semiconductor transistor NM1 here, and the gate 25 and the drain 24 of a 
transistor NMl are made as [ constitute / connect mutually and / diode connection j. 
[0027] The drain 24 of a transistor NM1 is made as [ connect / with the source 28 of the N~ 
channel metal oxide semiconductor transistor NM2], and the gate 28 and the drain 27 of a 
transistor NM2 are made as [ make / like a transistor NM1 / diode connection ]. 
[0028] It Is made as [ connect / to the drain 27 of the N-channel metal oxide semiconductor 
transistor NM2 concerned / resistance R21 ], and is made as [ negate / the temperature 
dependence of the output voltage produced in a bipolar transistor Q21 and MOS transistors NM1 

v o- he current of the i tl 

saturation region where gate voltage is sufficiently iara;e is a degree type [several 3'i here, 
(d Is, /dT) / U »~I/T " »"» (3) 

Temperature T by being come out and given It will be set to -3300 [PPM] if the temperature 
dependence in the case of being 300 [K] is searched for. 

[0030] In the case of this example, by connecting two N-channel metal oxide semiconductor 
transistors NMl and NM2 to a serial, the temperature dependence in the both ends of the 
transistors NMJ and NM2 concerned becomes twice, and is [ about ]. -It Is set to 8600 [P 1] 
On the other hand, by carrying out the constant current drive of the base current, the 
temperature dependence of the collector current of bipolar NPN transistor Q21 becomes equal 
to the temperature dependence of current gain, and becomes about +8000 - 7000[PPM]. 
[0031] Thus, when, as for the temperature dependence between the N-ohannel metal oxide 
semiconductor transistors NM1 and NM2 and bipolar NPN transistor G21, the temperature 
dependence of both the transistors NM1, NM2, and Q2t becomes reverse mutually, temperature 
c . .. ndenee Is negated mutually and temperature dependence becomes small. 
[0032] When the temperature dependence of the part which consists of a bipolar transistor Q2 1 
and two MOS transistors HW and NM2 here has ****** intermediary forward temperature 
dependence, it has the magnitude same as resistance R21 as the temperature dependence 
concerned, and the temperature dependence of a compound resistor can be abolished by 
connecting the polish recon resistance with a negative temperature dependency. 
[0033] Moreover, when the temperature dependence of the part which consists of a bipolar 
transistor Q21 and two MOS transistors NMl and NM2 has a ****** intermediary negative 
temperature dependency, It has the magnitude same as resistance R21 as the temperature 
dependence concerned, and the temperature dependence of a compound resistor can be 

ad d re s *o v* r r * a en- dence. Furthermore, 
the temperature coefficient of the output resistance of a resistor 2.0 can be set. as any value by 
2 d ustab e 1 i is o* trans sto s Q21, NMl, and NM2 with the combination of the 

- >rs Q2 NM1 and NM2 a d resistance at is time 
[0034] According to the above configuration, by constituting a compound resistor combining the 
active elements Q21. NMl, and NM2 and resistance R21 from which temperature dependence 
becomes reverse mutually, temperature dependence is small as output resistance, and the 
resistor which has the temperature dependence of arbitration as an electronic-circuitry 
component In the Integrated circuit with which high power is demanded can be. formed easily 
much more. 

[0035] i3"} h the 3 d exan nng 3 . 30 hows a compound resistor among the electronic 

circuitries formed In the integrated circuit, and is constituted by the parallel connection of the 
passive element from which a temperature dependence property differs, and an active element. 

Fhat is, the compoussd resistor 30 has a negative temperature coefficient about 
resistance has a ne < ' cient about the semi-conductor layer resistance 

R31 and the drain current which become by polish recon, and, therefore, Is constituted by 
parallel connection with the N-channel metal oxide semiconductor transistor NMl by which 
diode connection was made. 
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[0037] At this time, sines the resistance of the compound resistor 30 carries out parallel 
connection of the semi-conductor layer resistance R31 and the N-channel metal oxide 
semiconductor transistor NM1, respectively, It can take a small value to the resistance of each 
component. 

[0038] here — resistance RP of the polish recon resistance R31 ****—■ temperature T -~ 
room temperature TO it is — if the polish recon resistance at the time is set to RP0 and a polish 
recon temperature resistance coefficient is set to (-alohaP) — degree type [several 4] 
Rp = R» (T~T fl ) ) 

It is alike, and there is usually negative relation so that it may he shown, 
[0033] Current IP which flows to the polish recon resistance R31 at this time In a temperature 
dependence property, it is a degree type [several 5]. 



f 



V 



R ? 2 dT 



Rt 



* CRr« {-«* ) ) 

R ?0 C- &* ) 



Hp 



1 d I i 



(5) 



i) which ****** t flows to the N-channel metal oxide semiconductor 

transistor NM1 In a temperature dependence property, it is a e> 3 8], 

1 d I $ I 
- - - (6 ) 

Is dT T 

****** is materialized. 

[0040] For this reason, (5) types and (6) types are used for the temperature dependence 
property of Current I o IP-ID) of flowing to the compound resistor 30, and it Is a degree tvps 
[several 7j. 



d 



dT d T 



( I f t 1 » ) 



d I r d I j 

h — 
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****** is materialized. 

[0041] It is the drain current 3D about the value of the electrical potential difference V 
impressed to the both ends of the: compound resistor 30 here. Current IP which flows to the 
polish recon resistance R31 Equal value IR When it sets up so that it. may become, the 
temperature dependence property of Current I of flowing to the compound resistor 30 given by 
ee type [a J 

d I i 

— — - I « (off ) (8) 

d 7 T 

** — it can ask like. 

[0042] At this time, it is temperature T. if 300 [K], since it is set to 3300 [PPM], the value of 
1/T is magnitude alphaP of the temperature coefficient (- alphaP) of the polish recon resistance 
R31. When it is set as the almost same magnitude as 3300 [PPM], the temperature dependence 
property of the compound resistor 30 is a degree tvoe [several 8], 
d I 

0 .„,„ ( g J 

d T 

It is alike, it is mutually denied so that it may be shown, and it can loss mostly. 
[0043] According to the above configuration, by carrying out parallel connection of the active 
element NM1 by which diode connection was made with the passive element R31 from which a 
temperature dependence property becomes reverse mutually, and constituting the compound 
resistor 30, the temperature dependence property of a combined-resistance value can make it 
small, and a combined-resistance value can be made small to each resistance of a passive 
element R31 and an active element NM1 which is a component. 

[0044] (4) In other example, in addition 1st above-mentioned example, although the case where 
bipolar HPH transistor Q11 was connected to the semi-conductor layer resistance R11 at a 
serial was described, this invention is replaced with this, and as shown in drawing 4 . even if it 
connects the collector of a bipolar laterai-PNP transistor or vertical PNP t- , «.'.»■ Q4] to the 
semi-conductor layer resistance R41 at a serial, the same effectiveness as an above-mentioned 
example can be acquired. 

[0045] Moreover, although the case where bipolar NPN transistor Q1 1 was connected to the 
semi-conductor layer resistance R11 at a serial was described in the 1st above-mentioned 
example As this invention is replaced with this and shown in dp g i a dec mection is 
made by connecting the gate and a drain. Even if it makes 1 ns *ith the diffu 
RSI which consists of a diffusion layer formed in the surface section of a semi-conductor 
substrate in the Id-channel metal oxide semiconductor transistor HMi which has a negative 
temperature coefficient, and has a positive temperature coefficient with a drain, the same 
effectiveness as the case of an above-mentioned example can be acquired. 
[0046] Although the case where bipolar NPN transistor Q11 was connected to the semi- 
conductor layer resistance R11 at a serial was described in the 1st further above-mentioned 
example As this invention Is replaced with this and shown in drawing 6 , diode connection Is 
made by connecting the gate and a drain. You may make it connect with the diffused resistor 
Q81 which consists of a diffusion layer formed in the surface section of a semi-conductor 
substrate in P channel MOS transistor PM1 which has a negative temperature coefficient, and 
has a positive temperature coefficient with a drain, 

[0047] Although the case where two hrchannei metal oxide semiconductor transistors NM1 and 
NM2 and a resistor R21 were connected to bipolar NPN transistor Q21 as a compound resistor 

s de b d i. t above-mentioned sxan pie Even ft 

P channel MOS transistors Pfvll and PM2 and a resistor R71 to the transistor Q?1 of not only 
this but a lateral or a vertical moid, it can acquire the same effectiveness as ****. 
[0048] Namely, as shown in drawing 7 , two steps of P channel MOS transistors PM1 and PM2 
which connect the gate at- e drain actic i fo diode are connected.. While connect ja 
resistor R71 to the drain of P channel MOS transistor PM1 concerned By connecting to the 
source of P channel MOS transistor PM2 the coiiector of bipolar PNP ton RAJISUTA Q71 by 
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which a constant current source 1 1 Is connected to the Bass, and a constant current drive Is 
carried out. the compound resistor which can set the temperature dependence of output 
resistance as any value can be constituted. 

[0049] In the 1st and 2nd further above-mentioned examples, although the case where two MOS 
transistors' PM1 and PM2 were connected to a bipolar transistor was described, this Invention 
may connect not only this but both transistors in various combination. 

- the temperature coefficient (-aiphaP) of the polish recon 
resistance R31 as about 3300 [PPM], and the temperature dependence property of the 
compound resistor 30 was mostly abolished in the 3rd further above-mentioned example was 
described This invention is not only this but the drain current ID. And current IP which flows to 
the polish recon resistance R31 It may be made to control a ratio, and when ambient 
- >««re T is other values, a temperature coefficient may be set as other values. 
[0051] In the 3rd further above-mentioned example, although the case where the compound 
resistor 30 was therefore constituted in the parallel connection of the N-channe! metal oxide 
semiconductor transistor NM1 of the polish recon resistance R31 and diode connection was 

J< * afore, this nvention may be constituted in the parallel connection of P channel 
MOS transistor PM1 of not only this but the polish recon resistance R31. and diode connection 
( drawing S ), 
[0052] 

[Effect of the Invention] According to this invention, temperature dependence can form the 
resistor of high power in an integrated circuit easily much more small as mentioned above by 
carrying out series connection of a serial, or the active element and passive element which carry- 
out parallel connection and have reverse temperature dependence combining the active element 
of a different kind which has reverse temperature dependence mutually, and having constituted 
the resistor. 
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DESCRIPTION OF DRAWINGS 
[Brier Description of the Drawings] 

EPpswingJj It is the connection diagram showing the 1st example of the resistor by this 
Invention. 

[Drawing 2J It is the connection diagram showing the 2nd example of the resistor by this 
invention. 

> 1 h "- l!> - - ' m i " t >e 3 d e>ar t p'e of the resistor by this 

invention. 

. - 4> e - > f - o - > -vwing the resistor by othe* samples 
[Drawing cC It is the connection diagram showing the resistor by other examples. 
[Drawing 6j It is the connection diagram showing the resistor by other examples. 
[Dewing 7j It is the connection diagram showing the resistor by other examples. 
Lprswsn*; 8] It is the connection diagram showing the resistor by other examples. 
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[l g_ 9] I « v e < 3 hich e the convent resistor is 

presented. 

- N channel thin 

film MOS transistor. 

[Drawing 11 j It Is the connection diagram showing the compound resistor fay the P channel thin 

film MOS transistor. 

[De • . ' . Mots is] 

Q11-Q71 [ „ A thin film transistor, Rt, Rl'l, R21, R31 / Semi-conductor layer resistance, 
R2 / .. Diffused resistor. ] .... A bipolar transistor, NM1, NM2 .. An N-channei metal oxide 
semiconductor transistor, PU1, PM2 ,. A P channel MOS transistor. NTM1, PTM1 
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[Drawing 6] 
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